Background: Monacha obstructa is one of the most abundant gastropod of Egyptian farms. It is a destructive land snail as they cause great damage to vegetables and crops. The present study aimed to control snails by ultraviolet radiation. Materials and methods: Snails under study were subjected to the same dose of UV-A radiation for two different periods. The source of radiation was UV-fluorescent lamps, UV-A 366 nm. Small pieces of mantle edge, foot, digestive gland, and intestine of treated and untreated snails were taken and prepared for histological examination by light microscope. While small pieces of mantle edge and foot only were prepared for scanning electron microscopic examination. Results: Histopathological changes in the mantle, foot, digestive gland, and intestine of treated snails were studied. The changes included destruction and disorganization of many cell types. UV-A radiation affected the fitness of the snails; they became less active. The changes in different organs will lead to alteration in their functions. Conclusions: UV-A has a destructive effect on different organs of the snails under study. This effect will lead to the control of this snail (Monacha obstructa).
Background
Solar radiation consists of three-wavelength bands 400-320 nm (UV-A), 320-290 nm (UV-B), and 290-190 nm (UV-C). All the previous wavelengths are invisible to the human eye. UV-A radiation is not completely absorbed by ozone. It is scattered by light so it is attenuated before reaching the earth surface (Steeger et al. 2001) . The effect of ultraviolet radiation (UV) is important to various aquatic and terrestrial organisms. The abnormal effects of UV radiation exhibit various important biochemical and physiological processes (Martin, 1999) . UV radiation has direct and indirect effect on organisms. The direct effect is the alteration, which occurs in the organic contents of cells, while the indirect effect includes the change in the environment that surrounds the organism (Ruelas et al. 2006) . The direct and indirect effects include lethality, carcinogenesis, and mutagenesis (Weber, 2005) . Mohammad (2016) reported that UV-A radiation induced biochemical, histological, and morphological alteration of Simocephaus vetulus (zooplankton). These changes depended on the period of exposure to radiation. Nabih and Abd El Hamid (1984) reported that UV radiation has a lethal effect on Biomphalaria alexandrina, and this effect depended on the exposure time. McNamara and Hill (1999) studied the effect of UV-B radiation on the snail Elimia clavaeformis and Physella gyrina, and reported that the survival rate of the exposed snails depended on the duration of exposure and the size of snails. Mohammad and Ali (2012) studied the effect of UV-A radiation on the blood cells (hemocytes) of the land snail Eobania vermiculata and recorded many cellular alterations to the different hemocytes.
The land snail Monacha obstructa is one of the most important gastropod of Egyptian farms as it causes major threat to agriculture in Assiut, Egypt (Ali et al. 2015) . The present study aims to study the use of UV-A radiation to control the destructive snail Monacha obstructa.
Materials and methods
Collection of samples: adult snails (Monacha obstructa) were collected from Assiut University farm. Then, snails were transferred in plastic bags to the laboratory. Snails were fed on lettuce and kept for 1 week for acclimatization. Snails were classified into three groups (each group consists of 15 snails): untreated group and two UV-A treated groups. The treated snails were exposed to UV-A radiation from UV-A source for two different intervals (the first group was exposed to the radiation for 3 h/day for two successive days, while the second group was exposed to the radiation for 3 h/day for three successive days).
UV-A source: snails were exposed to UV-A using UV-A source fitted 15 cm above the snails. (ULTRA-VIOLET Products, Inc., San Gabriel, CA, USA, model UVL_56).
Microscopic study
Small pieces of mantle edge, foot, digestive gland, and intestine of treated and untreated snails were taken and prepared for histological examination. Paraffin sections were stained with Hemotoxylin and Eosin stain.
Small pieces of mantle edge and foot were stuck onto holders then coated with 100 Å gold and then examined with stereo scanning electron microscope and photographed at the Electron Microscope Unit at Assiut University. 
Results
After treatment of snails with UV-A radiation, the snails became less active, but no mortality was recorded. Many histological changes were recorded in mantle edge, foot, digestive gland, and intestine.
Mantle edge
Examination of the transverse sections of the mantle edge of unexposed snails under light microscope shows that the outer layer of mantle is covered with a single layer of simple cuboidal epithelial tissue, while the inner layer is composed of a connective tissue that provided with two types of unicellular glands. The first type of glands is greater in number and contains basophilic secretory material; the second type is fewer in number and contains acidophilic secretory material (Fig. 1A) . In snails exposed to UV-A radiation for 3 h for two successive days, the epithelial cells that cover the mantle were separated from the inner layer. The glands that contain basophilic secretory material increased in size and number (Fig. 1B) .
In snails exposed to UV-A radiation for 3 h for three successive days, the epithelial layer is ruptured and its cells disintegrated (arrows); some of the unicellular glands with basophilic secretory material became empty while the glands with acidophilic secretory material could not be distinguished (Fig. 1C) .
Examination of the mantle edge of unexposed snails with scanning electron microscope showed that the outer surface of the mantle is rough, folded with cracks, with many small and few large pores ( Fig. 2A, B) .
In snails exposed to UV-A radiation for 3 h for two successive days, the cracks in the outer surface of the mantle edge became wider, most pores became bigger, and the folds became deeper (Fig. 2) .
In snails exposed to UV radiation for 3 h for three successive days, the folds of the outer surface of the mantle edge became shallow while pores and cracks became very small (Fig. 2E ).
Foot
The foot of Monacha obstructa is composed of an outer single layer of epithelial tissue that covers an inner layer of connective tissue. The sole of the foot is covered with a simple columnar epithelium while its sides are covered with simple cuboidal epithelium. The connective tissue layer beneath the epithelial layer contains many glands. Glands at the sole region are greater in number than that at the side region and are deeply embedded in the connective tissue while those of the side region are superficial glands (Fig. 3A-C) . The exposure to UV-A for 3 h for two successive days leads to rupture of the epithelial layer of the foot sole, and the folds became more deep with undifferentiated epithelial cells (Fig. 3D) , also the folds of the sides of the food became deeper and the epithelial layer that covers the sides became ruptured, and the connective tissue layer disorganized and many spaces appeared within it. Hemocyte infiltration also was reported in the connective tissue layer of the foot sides (Fig. 3E) .
After exposure to the radiation for 3 h for 3 days, both the connective and the epithelial tissue layers became ruptured. The boundaries among the epithelial cells could not be distinguished (Fig. 3F) . While in the sides of the foot, the epithelial layer separated in many places from the underlying connective tissue layer. Most of the glands disintegrated (Fig. 3G) .
Examination of the foot of unexposed snails by scanning electron microscope showed that the surface of the sole has narrow grooves while the grooves of the sides Fig. 3 A Photomicrograph of the foot of Monacha obstructa showing side and sole of the foot are covered with epithelial layer (e), the inner connective tissue layer (ct), and glands embedded in the connective tissue (g). B, C Photomicrographs of the foot of Monacha obstructa showing B the foot sole is covered with simple columnar epithelium (co), and the connective tissue layer (ct) with many deeply embedded glands (g). C The side of the foot is covered with simple cuboidal epithelium (cu), and the connective tissue layer (ct) with few superficial glands (g). D, E Photomicrograph of the foot of Monacha obstructa exposed to UV-A for 3 h for two successive days showing D the sole of the foot with ruptured epithelial cells (r), deep folds (df), and undifferentiated epithelial cells (ue). E The foot sides with ruptured epithelial cells (re), deep folds (df), many empty glands (eg), the connective tissue layer (ct) with many empty spaces (s), and infiltrated hemocytes (h). F, G Photomicrograph of the foot of Monacha obstructa exposed to UV-A for 3 h for three successive days showing F the sole of the foot with ruptured connective tissue (rct) and ruptured epithelial layer (re). G The side of the foot with separated epithelial layer (se) disintegrated glands (dg)
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Digestive gland
The digestive gland of unexposed snails consists of many tubules; each of them lined with three types of epithelial cells; digestive cells (elongated cells with many small granules), calcium cells (triangular in shape with large basic nucleus), excretory cells (elongated cells with large vacuole) and thin cells (very thin and long cells). Digestive tubules are separated by intertubular connective tissue and surrounded by a thin layer of circular muscle fibers (Fig. 5A) . After exposure to UV-A for 3 h for two successive days, the lumen of the digestive tubules became wider and the only cell type, which could be distinguished, was the calcium cell with its large basal nucleus. However, the other epithelial cells lost their normal shape, and most of them became cuboidal in shape (Fig. 5B ). In Fig. 4 A, B Scanning electron microscope of the foot of Monacha obstructa showing A unexposed snails; the foot sole (left) with many narrow grooves (ng), and the sides (right) with many wide grooves (wg). B Snails exposed to UV-A for 3 h for 2 days; the grooves became wider (g), and many pores appeared (p) 
t). B
Photomicrograph of digestive gland of snails exposed to UV-A radiation for 3 h for two successive days shows cuboidal epithelial cell (e), calcium cell (c), and lumen (l). C Photomicrograph of digestive gland of snails exposed to UV-A radiation for 3 h for three successive days showing digestive tubules with many vacuoles (white arrow) and darkly stained granules (black arrow)
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Intestine
The intestine of unexposed snails is lined with simple columnar epithelium that covered with a brush border. The outer layer of the intestine is composed of a connective tissue layer. Snails exposed to UV-A for 3 h for 2 days showed great destruction in both the epithelial and connective tissue layers, and nuclei of the epithelial tissue layer appeared randomly distributed (Fig. 6A) . While in snails exposed to UV-A for 3 h for 3 days, both epithelial and connective tissue layers were greatly destroyed (Fig. 6B ).
Discussion
The natural sunlight which contains both UV-A and UV-B radiation does not affect the survival rate and hatching of eggs of Lymnaea as reported by Wahl (2008) . While he reported that Planorbarius embryos showed 100% mortality if they were exposed to natural sun light (which contains both UV-A and UV-B) or UV-A only. The present study recorded many histological and behavioral (snails became inactive and stayed in the bottom of the container to avoid UV-A radiation) responses of Monacha obstructa to the different treatment with UV-A radiation, but there is no mortality recorded until the end of the experiment. Variable negative responses of some invertebrate species to artificial UV radiation were recorded (Cywinskal et al. 2000) . Under constant exposure to UV and photosynthetically active radiation (PAR), the acute lethal and sublethal response was recorded. In the present study, the only behavioral sublethal response was the slow motion and inactivity of snails which may be due to partial paralysis as recorded by Cywinskal et al. (2000) . They also recorded a slow movement, but they recorded changes in pigmentation (the later response had not been recorded in the present study). Cywinskal et al. (2000) also studied a series of UV-B, UV-A, and PAR treatments, applied separately and in combination and revealed a positive role for both UV-A and PAR in slowing down UV-B damage.
UV radiation decreases the density of invertebrates in clear water lakes suggesting a direct relation between invertebrate abundance and exposure to ultraviolet radiation. Cooke et al. (2008) studied the effect of UV on freshwater crustacean; he detected that the UV influenced the vertical migration of these invertebrates. Chuang et al. (2006) studied the behavioral and histological changes in earthworms due to the exposure to UV. The study revealed that exposure to UV caused death of some individuals. Exposure to UV resulted in acute and chronic effect. The acute effect was abnormal muscle contraction which leads to S-shaped movements and jumping of the animals. This behavior may be due to the damage in the coordination between the longitudinal and circular muscles. While the chronic effect included histological alteration in the muscle and skin. UV-A radiations showed no effect on earthworms skin. While animals exposed to UV-B radiation suffered from thickening and breaking down of the cuticle layer and necrosis of the epidermis and circular muscles.
Terrestrial animals can tolerate UV than aquatic animals because they can protect themselves by pigmentation and integument derivatives such as shell, hair, feathers, or scales (Gies et al. 1995; Hill et al. 1997 ).
In the present study, the exposed tissues such as the mantle edge and foot, which were exposed to UV-A radiation, suffered from alteration in the histological structure. The epithelial tissue that covers the mantle edge separated from the underlying tissue. Alteration in the connective tissue layer and its glands also was recorded. Examination of both mantle edge and foot by scanning electron microscope demonstrated that cracks and pores in the outer surface of the mantle edge became wider and folds became deeper.
By exposing snails to UV-A radiation for a longer time, the folds of the outer surface of the mantle edge became shallow, and pores and cracks became smaller. The epithelial and connective tissues of the foot were ruptured after exposure to UV-A radiation. Also, the grooves on the foot surface became wider, and the number of pores increased.
Exposure of Biomphalaria glabrata to UV-B inhibits feeding of snails, induces abnormal growths on the region of the head and foot, and leads to the appearance of forked tentacle (Ruelas et al. 2006) . The branch of the forked tentacle had the same histological structure of the original tentacle except in covering epithelial layer which was thinner. They explained the significant mortality rate observed due to the damage occurred by UV-B radiation exposures which lead to damage of head, foot, surface epithelial tissue, muscular tissue, hemolymph, glands, and nervous tissue, and also the alteration which occurred in the digestive tract.
In the present study, many alterations in the histology of the digestive gland and the intestine were recorded. The different epithelial cells that lined the digestive tubules in the digestive glands became cuboidal (shorter), and most of the different types of the lining epithelium could not be distinguished. Extensive exposure to UV-A leads to destruction of the epithelial cells of the digestive tubules. The epithelial lining and the connective tissue layer of the intestine were greatly destroyed due to exposure to UV-A. The destruction and abnormalities of the different tissues of the snails will lead to slowing or stopping of their biological activities which finally leads to snails' control.
Conclusion
UV-A has a destructive effect on the harmful land snail Monacha obstructa so we can use UV-A to control this land snail. 
